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© Agglomerated reinforcing fibers and process of making the same. 



@ Reinforcing fibers having a diameter of 0.1-10 urn and a length of 5-200 (xm are palletized and granulated 
into agglomerates which have a size of 0.1-10 mm and a bulk density of 0.2-1.0 kg/liter. 

To pelletize, powders of reinforcing fibers are moistened with water while mixing to form primary aggregates. 
Then, the powders and the primary aggregates are subjected to a rolling movement to cause the primary 
aggregates to grow into secondary aggregates having desired size distribution. Finally, the secondary ag- 
TI. gregates are dried to obtain pelletized or granulated agglomerates of reinforcing fibers. 

^ Handling of reinforcing fibers is facilitated because the agglomerates are less bulky and less likely to fly up 

00 in the air. When blended into molding materials for fiber reinforcement, however, the agglomerates are readily 

5? disintegrated back into segregated individual fibers to provide homogeneous dispersion. 
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BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

5 The present invention relates to agglomerated reinforcing fibers usable for fiber-reinforcing various- 

nnaterials such as plastics, rubbers, coatings, nnetals and ceramics. More particularly, this invention is 
concerned with pelletized or granulated agglomerates which are comprised of fine short reinforcing fibers 
having a diameter of 0.1-10 um and a length of 5-200 um. 

70 2. Description of the Prior Art 

Various methods have been known for fiber-reinforcement of a variety of molded and formed articles. 
Relatively large-sized articles are reinforced by the "macro-reinforcement" method. For. example, woven 
cloths of fibers or strands or bundles of fibers having a length in the order of 50 mm are placed in the 

75 articles for reinforcement. Alternatively, preforms made from reinforcing fibers may be placed within the 
molds and the molding materials are subsequently injected therein to form fiber reinforced articles. 

In contrast, small sized articles are generally reinforced by the "micro-reinforcement" method wherein 
reinforcing fibers are kneaded with and dispersed in the molding materia! prior to molding. Short glass 
fibers and whiskers have been used for this purpose. Whiskers may be defined as monbcrystaliine or 

20 polycrystalline fibers having a cross-sectional area less than 8 x 10"^ square inches (0.2 mm in diameter) 
and a length greater than 10 times of the diameter. 

When kneaded into the molding materials, the whiskers and glass fibers must be uniformly dispersed 
throughout the mass of the molding materials. Otherwise, there would be fiber rich and thin portions in the 
molded articles causing irregular reinforcement Therefore, it has been the practice to use whiskers and 

25 glass fibers in the form of powders in which individual fibers are. well segregated and disintegrated from 
each other. 

The problem with such well segregated whisker powders is that they are difficult to handle for storage, 
transportation and mixing, because they are bulky and tend to readily fly up in the air. This is particularly 
serious with whiskers and glass fibers having a diameter of 0.1-10 um and a length of 5-200 um because 
30 the bulk density thereof is in the order of 0.1 kg/liter. 

In order to offset these problems, there has been proposed in the art to provisionally solidify the 
whisker powders by a binding agent. However, the binder tends to preclude individual fibers from being 
readily segregated and uniformly dispersed when blended into the molding materials. In addition, the choice 
of the binding agent is limited in order to provide miscibility of the binder with the molding material. 

35 

SUMMARY OF THE INVENTION 



Accordingly, an object of the present invention is to improve or modify reinforcing fibers, particularly 
those having a diameter of 0.1-10 um and a length of 5-200 um. in such form as to facilitate handling. 
40 Another object of the invention Is to transform the reinforcing fibers in such form in which the bulk 
density thereof is increased. 

A still another object of the invention is to provide reinforcing fibers in such form in which they are less 
likely to fly up in the air during handling. 

A further object of the invention is to provide reinforcing fibers in such form as to permit ease of 
45 handling and wherein they are readily segregated and disintegrated into discrete individual fibers for 
homogeneous dispersion in the molding material. 

Another object of the invention is to provide a process for transforming reinforcing fibers in such forms 
as above-mentioned. 

The present inventors have discovered that these and other objects are attained by pelletizing or 
50 granulating by agglomeration individual reinforcing fibers to such a degree that the diameter thereof is 0.1- 
10 mm and the bulk density thereof is 0,2-1 .0 kg/liter. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

55 The pelletized or granulated agglomerates of reinforcing fibers according to the invention may be made 
by using various fibrous reinforcing materials having a diameter of 0.1-10 um and a length of 5-200 um. 
Those include whiskers of potassium titanate, whiskers of silicon carbide,, whiskers of silicon nitride. Short 
glass fibers and fibers of basic salt of magnesium and calcium silicates having the. similar dimensions may . 
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Whiskers of potassium titanate, whiskers of silicon carbide, and whiskers of silicon nitride were used 
which had, respectively, dimensions and physical properties as shown in Table 1. For each kind of 
whiskers, 10 kg of whisker powders were placed in a Henschel mixer. While mixing and stirring, the 
powders were moistened with water, with or without addition of 50 milliliter of aminopropyletriethoxysilane 
5 as an organometallic compound. The moistened powders were then placed on a slanted rotating dish and 
subjected to rolling movement for 10 minutes. The product was then dried at a temperature of 105 ' C to 
obtain agglomerates of whiskers. The size and bulk density of agglomerates were measured and the results 
are shown in Table 1 . The size distribution for the agglomerates made from silicon carbide whiskers is 
indicated in Table 2. 

70 It was observed that the agglomerates of whiskers manufactured in this manner were generally 
spherical. The agglomerates were then tested for dispersion capability. Eacfi specimen of the agglomerates 
was put into water. Upon stirring, the agglomerates were promptly segregated to form a slurry in which 
individual whiskers were homogeneously dispersed. The whole amount of the slurry passed a 100 mesh 
screen. 

75 Further, each specimen of agglomerates was added to polypropylene resin in an amount of 30% by 
weight. Each mixture was kneaded at 200 *C for 10 minutes and was formed into sheets. The surface of 
each sheet was inspected by a microscope of 200 magnifications but any nodule of whiskers was not found 
at all. 
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als6 be used. 

The pelletized or granulated agglomerates according to the invention nnay be manufactured in the 
following manner. 

First, reinforcing fibrous materials in the form of powders, i.e., in the form of dried segregated discrete 

5 fibers, are moistened or humidified with water. Moistening may be carried out while mixing and stirring the 
powders in a mixer. As moistening proceeds, the surfaces of respective fibers become wetted at least in 
part whereby primary aggregates of moistened fibers are formed. It is believed that in each of the primary 
aggregates, the moistened fibers are aggregated with each other under the action of the ihterfacial tension 
of water film. Preferably, moistening is conducted to such a degree that a film of water is trapped in a 

10 capillary state between adjacent fibers in the primary aggregates, because this capillary trapped condition 
develops strongest cohesion force between aggregated fibers. 

Then, the powders together with the primary aggregates thus formed therein are subjected to a rolling 
movement, with or without further addition of water. This may be done by using a slanted rotating dish, pan 
or drum, such as a pan pelletizer. Alternatively, a mixer or kneader provided with impellers, such as a 

75 Henschel mixer, may be used for this purpose. As rolling movement is imparted, the primary aggregates 
roll on the moistened but still segregated powders. Serving as nuclei, the rolling primary aggregates merge 
the discrete powders and grow into secondary aggregates of increased size. 

Finally, the secondary aggregates are dried to obtain pelletized or granulated agglomerates of 
reinforcing fibers. The resulting agglomerates are generally spherical and the diameter thereof varies from 

20 0.1 mm to 10 mm depending on the condition of moistening and rolling movement. 

The amount of moisture and the degree of rolling motion imparted to the fibrous powders also affects 
the bulk density of the resulting granulated agglomerates as well as the cohesive force between fibers in 
the final products. If moistened in excess, the excessive mass of water would seep out during rolling 
movement onto the surfaces of the secondary aggregates so that after drying, the fibers in respective 

25 agglomerates would be bound with each other in the form of bundles strongly enough to resist subsequent 
segregation and dispersion into the molding materials. If, to the contrary, too small amount of water is 
added, the fibrous materials would be insufficiently engaged with each other so that it would be difficult to 
pelletize or granulate the fiber powders. 

Moistening and impartatlon of rolling movement may be conditioned to ensure that the granulated 

30 agglomerates have a diameter of 0.1-10 mm and a bulk density of 0.2-1.0 kg/liter. The term "bulk density" 
as used herein with reference to the pelletized or granulated agglomerate refers to the weight per unit 
volume of agglomerates deposited in bulk. Proper amount of moisture varies according to the shape of 
fibrous materials as well as the desired diameter of granulated agglomerates. In the case of a mixture of 
whiskers having a diameter of 0.7 um and a varying length of 30-50 um the proper amount of moisture is 

35 0.6-1.0 part by weight per one part by weight of whiskers. 

it is believed that, in the pelletized or granulated agglomerates thus produced without using a binding 
agent, individual fibers are agglomerated with each other primarily under the action of physical cohesive 
force, as opposed to adhesive force developed by a binder. Therefore, when blended into the molding 
materials, the agglomerates are readily segregated and disintegrated back into individual fibrous materials 

40 and may be homogeneously dispersed with ease in the molding materials. 

It will be appreciated that the granular agglomerates according to the invention have a bulk density of 
0.2-1.0 kg/liter which is considerably high as compared with a bulk density value of 0.1 kg/liter for the 
conventional fibrous powders. Therefore, the agglomerates of fibers according to the invention are less 
bulky and their volume per unit weight is a fraction of that of the conventional powders. As a result, handling 

45 and transportation are remarkably improved. Another important benefit of the agglomerates is that individual 
fibers are less likely to fly up in the air during handling so that a high degree of cleanness of working 
environment is provided. Moreover, the granular nature of the agglomerates and the granule size of 0.1-10 
mm considerably improve the flowability of material whereby handling, transportation and blending are 
facilitated. 

50 It is preferable that a small amount of organometallic compounds, which upon hydrolysis are coupled 
onto the surfaces of the inorganic fibrous materials, is blended to water or added to the powders in the form 
of an aqueous solution. Examples of such , compounds are organometallic compounds of titanium and 
aluminium and organometallic compounds of silicon such as silane. These compounds promote pelletization 
or granulation and thin organic layers formed on the surfaces of whiskers serve to prevent individual 

55 whiskers from being excessively strongly agglomerated. 
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Claims 



■ 55 



A pelietized agglomerate of reinforcing fibers having a diameter of 0,1-10 ixm and a length of 5-200 
um, said agglomerate being characterized by having a diameter of. 0.1-10 mm and a bulk density of 
0.2-1.0 kg/liter. 
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2. An agglomerate of reinforcing fibers comprising: individual reinforcing fibers having a diameter of 0.1- 
10 um and a length of 5-200 um said fibers in said agglomerate being substantially physically cohered 
with each other to such a degree as to establish a bulk density of 0.2-1.0 kg/liter to facilitate handling 
but to permit segregation back into individual fibers to enable the fibers to be homogeneously 

5 dispersed when mixed with a material to be reinforced, said agglomerate having a diameter of 0.1-10 

mm. 

3. An agglomerate of reinforcing fibers according to claim 1 or 2, wherein said fibers comprise whiskers of 
potassium titanate. 

70 . 

4. An agglomerate of reinforcing fibers according to claim 1.or 2, wherein said fibers comprise whiskers of 
silicon carbide. 

5. An agglomerate of reinforcing fibers according to claim 1 or 2, wherein said fibers comprise whiskers of 
75 silicon nitride. 

6. An agglomerate of reinforcing fibers according to claim 1 or 2, wherein said fibers comprise short glass 
fibers. 

20 7. A process of making pelletized agglomerates of reinforcing fibers, said agglomerates having a diameter 
of 0.1-10 mm and a bulk density of 0,2-1.0 kg/liter, said process comprising the steps of: 

moistening with water powders of reinforcing fibers having a diameter of 0.1-10 um and a length of 
5-200 jam; 

mixing and stirring the powders to allow formation of primary aggregates of moistened fibers; 
25 subjecting the primary aggregates to a rolling movement to form secondary aggregates; and, 

drying the secondary aggregates. 

8. A process of making pelletized agglomerates of reinforcing fibers, comprising the steps of: 

moistening with water powders of reinforcing fibers having a diameter of 0.1-10 um and a length of 
30 5-200 ttm. 

mixing and stirring the powders to allow formation of primary aggregates wherein moistened fibers 
are cohered with each other under the action of interfacial tension of water; 

causing the primary aggregates to roll on segregated powders to thereby cause the primary 
aggregates to grow into secondary aggregates wherein the segregated powders are merged with the 
35 primary aggregates; and. - . . . _ 

drying the secondary aggregates to obtain said agglomerates; 

said steps of moistening and causing the primary aggregates to roll being carried out under 
conditions to ensure that said pelletized agglomerates after drying have a granule diameter of 0.1-10 
mm and a bulk density of 0.2-1.0 kg/liter. 

40 

9. A process of making pelletized agglomerates of reinforcing fibers, comprising the steps of: 

moistening powders of reinforcing fibers having a diameter of 0.1-10 um and a length of 5-200 iim 
with water added by an organometallic compound; 

mixing and stirring the powders to allow formation of primary aggregates wherein moistened fibers 
45 are cohered with each other under the action of interfacial tension of water; 

causing the primary aggregates to roil on segregated powders to thereby cause the primary 
aggregates to grow into secondary aggregates wherein the segregated powders are merged with the 
primary aggregates; and. 

drying the secondary aggregates to obtain said agglomerates; 
50 said steps of moistening and causing the primary aggregates to roll being carried out under 

conditions to ensure that said pelletized agglomerates after drying have a granule diameter of 0.1-10 
mm and a bulk density of 0.2-1.0 kg/liter. 

10. A process according to any one of claims 7-9, wherein said reinforcing fibers comprise whiskers of 
65 potassium titanate. 

11. A process according to any one of claims 7-9, wherein said reinforcing fibers comprise whiskers of 
silicon carbide. 
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12. A process according to any one of claims 7-9, wherein said reinforcing fibers comprise wliiskers of 
silicon nitride. 

13. A process according to any one of claims 7-9, wherein said reinforcing fibers comprise short glass 
5 fibers. 
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